a very large number of endodontically-treated patients in the general population. There are three examples of this type of study, which use an alternative approach to evaluate cases of nonsurgical root canal treatment (NSRCT) from the database of a nationwide health insurance organization. [2] [3] [4] Epidemiologic studies assess a large number of endodontic treatments performed by dentists and endodontists, and their success rate may represent outcomes in the general population. [2] [3] [4] Epidemiological radiographic surveys have reported a relatively lower frequency of high-quality root canal filling ranging from 14% to 65%. 5 Our previous study evaluated the technical quality of root canal filling in 1085 cases treated with NSRCT, randomly selected from a large representative sample of the Taiwanese population, and found that only 30.3% of the teeth had received good-quality endodontic work. 6 In Taiwan, the national health care plan was implemented in March 1995. This plan covers nearly all medical treatments and a portion of dental treatments, including surgical and nonsurgical endodontic procedures. The National Health Insurance (NHI) is managed by the Bureau of NHI (BNHI) which insures approximately 21 million individuals from a total population of 22 million. Providers have to make a claim for each treatment to the BNHI, therefore, a large computerized medical and dental database for each insured individual has been kept since March 1995. Access to BNHI's invaluable national data set makes it possible to study the first untoward events, including nonsurgical retreatment, apical surgery and tooth extraction, as well as tooth retention rate following NSRCT.
Two large epidemiologic studies using a long follow-up period have found very high tooth retention rates (94-97%) among a large number of NSRCT cases collected from an insurance company database. 2, 3 These results motivated our group to study the first untoward events and tooth retention rate over a 5-year follow-up period for 1,557,547 teeth treated with NSRCT in Taiwan in 1998. We found that the first untoward events occurred in 159,680 (10.3%) of these teeth during the 5-year follow-up period. Moreover, a high 5-year tooth retention rate of 92.9% was observed. 4 Here, we have further assessed the first untoward events and tooth retention rate over a 5-year follow-up period for 1,588,217 teeth that were treated with NSRCT in 2000. We compared the types of teeth extracted between hospitals and private clinics. Tooth extraction rates and mean extraction times were compared between six different regions of Taiwan, and between hospitals and private clinics in six different regions. In addition, the distribution of total tooth extraction cases in each of the five follow-up periods was studied and compared between six different regions of Taiwan.
Methods
We analyzed the initial NSRCT cases completed in 2000 from a pool of 21 million individuals insured by the NHI plan since March 1995. Details of 1,588,217 NSRCT procedures claimed in 2000 were collected by searching the database for the specific BNHI procedure codes, 90001C, 90002C and 90003C, which represent NSRCT performed in teeth with one, two, or three or more root canals, respectively. These 1,588,217 NSRCT procedures were principally performed by dentists and endodontists, and occasionally by other dental specialists.
The following information was also collected for each NSRCT procedure: tooth identification number, date of completion of endodontic procedure, and patient age. To ensure personal privacy, patient data, including identification number, gender and medical records, were not released by the BNHI. Each NSRCT tooth was followed for a continuous period of 5 years from the completion date of the endodontic procedure in 2000. A maximum of 25 related subsequent treatment codes and dates were collected. Of particular interest was evaluation of the first and last procedures, including untoward events, defined as nonsurgical retreatment, apical surgery and tooth extraction, in two prior epidemiological studies, 2, 3 for each tooth within the 5-year follow-up period. The occurrence of untoward events was analyzed by searching the database for the BNHI procedure codes, 90001C, 90002C, 90003C, 90015C, 92030C, 92031C, 92032C, 90010C, 92013C and 92014C. The BNHI does not provide codes for nonsurgical retreatment. Therefore, a second appearance of the codes 90001C, 90002C and 90003C for the same tooth represented nonsurgical retreatment for a tooth with one, two, or three or more root canals, respectively. Procedure 90015C, for root canal enlargement and debridement, also belongs to the nonsurgical retreatment category. Procedures 92030C, 92031C and 92032C are the codes for apicoectomy in maxillary and mandibular anterior teeth, premolars and molars, respectively; and 90010C is the code for root-end filling. The item for apical surgery included both apicoectomy (92030C, 92031C, 92032C) and root-end filling (90010C). The BNHI codes for simple and complicated tooth extraction were 92013C and 92014C, respectively.
The first subsequent procedure for each NSRCT tooth was analyzed to disclose whether any untoward event occurred after the completion of NSRCT. In addition, the total number and incidence of each untoward event for all NSRCT teeth were calculated. The last related procedure for each NSRCT tooth was used to calculate how many teeth were extracted, and in turn, to determine the percentage of teeth retained after completion of the full 5-year follow-up period. Patient outcome criteria were applied blindly because the dentists submitting claims were not aware that the data would be used for future endodontic outcome analysis. At the end of the follow-up period in 2005, about 99% of the patients remained in the same NHI plan, which indicated very modest losses from the patient pool.
The number of extracted anterior teeth, premolars and molars were counted and compared between hospitals and private clinics using the χ 2 test. Tooth extraction rates were compared be- Table 2 ).
There was a significant difference in the tooth extraction rate between six different regions of Taiwan (p < 0.001, χ 2 test). The east region had the highest tooth extraction rate (10.4%) and the Taipei region had the lowest (7.5%, Table 3 ). The overall tooth extraction rate was significantly greater in hospitals (10.0%) than in private clinics (7.7%, p < 0.001). The individual tooth extraction rate in all six regions of Taiwan was also significantly greater in hospitals than in private clinics (Table 3) . However, tooth extraction procedures were nearly evenly distributed over the follow-up of 5 years, with the annual incidence being close to 20%. This trend was similar in each of the six different regions of Taiwan (Table 4) .
A significant difference in the mean tooth extraction time was found between the six different regions of Taiwan (p < 0.001, ANOVA). Kaoping and east regions had the lowest mean tooth extraction time (2.44 ± 1.44 and 2.44 ± 1.45 years, respectively), whereas Taipei had the highest (2.54 ± 1.43 years, Table 5 ). The overall mean tooth Furthermore, the individual mean tooth extraction time in each of the six regions of Taiwan was also significantly greater in private clinics than in hospitals (Table 5) .
Discussion
Recently, an epidemiological model with a very large sample size was used to evaluate endodontic treatment outcome. 2, 3 In this type of study, tooth retention becomes an evaluative criterion for the clinical outcome of NSRCT. Three recent studies have evaluated tens of thousands to more than one million NSRCT cases. [2] [3] [4] Lazarski et al reported that 94.4% of NSRCT teeth remained functional over an average follow-up period of 3.5 years. 2 Salehrabi and Rotstein found that 97% of teeth were retained in the oral cavity 8 years after initial NSRCT. 3 Our recent study showed that 92.9% of 1,557,547 teeth treated in Taiwan in 1998 were retained in the oral cavity 5 years after NSRCT. 4 The 5-year tooth retention rate of 92.1%
in the present study was comparable to that (92.9%) in our recent study. 4 Other follow-up investigations by Friedman and Mor revealed that 91-97% of endodontically treated teeth remained functional over time. 1 The results of the above studies indicate a high tooth retention rate of > 91% after NSRCT. It appears reasonable to conclude that NSRCT is a valuable dental procedure because of the high tooth retention rate. Epidemiologic studies also provide some information on the group of teeth experiencing an untoward event. Here, we found that 61.5% of the 192,488 teeth with the first untoward event were extracted during the 5-year follow-up period. This result was comparable to the corresponding result (65.5%) of our previous study. 4 Lazarski et al reported that 59% of 4212 teeth that suffered a first untoward event were extracted over a minimum follow-up interval of 2 years. 2 Salehrabi and Rotstein also demonstrated that 73.5% of 57,361 teeth with the first untoward events were extracted. 3 All four of these studies indicate that tooth extraction is the most common initial untoward event following NSRCT. Taiwan, apical surgery is considered a high-level technique that is always taught in postgraduate courses, and therefore, it is performed mostly by endodontists or oral surgeons. Thus, global differences in endodontic training may contribute to differences in the rates of apical surgery versus tooth extraction. In this study, more molars than anterior teeth or premolars were extracted in hospitals and private clinics. Our previous study evaluated the technical quality of NSRCT in Taiwan and showed that significantly more molars have poor endodontic work compared to that of anterior teeth and premolars in both hospitals and private clinics. 6 This might explain why more molars than anterior teeth or premolars were extracted in the present study. In Taiwan, more well-trained endodontists work in hospitals than in private clinics, which results in a higher percentage of teeth receiving good endodontic work being found in hospitals rather than in private clinics. 6 Easier endodontic cases are treated in private clinics rather than in hospitals, and the majority of difficult or failed endodontic cases are referred to hospitals for treatment. Moreover, dentists may feel more comfortable performing apical surgery in the anterior regions than in the premolar or molar areas because of better visibility and easier access in the former. The above-mentioned reasons partially explain why there were significantly more molars and significantly fewer anterior teeth extracted in private clinics than in hospitals, why the overall tooth extraction rate was significantly greater in hospitals than in private clinics, and why the overall mean tooth extraction time after completion of NSRCT was significantly greater in private clinics than in hospitals. The nonsurgical-retreatment frequency was 36%, which was comparable to that (31.7%) of our previous study, 4 but higher than that determined by Lazarski et al 2 (26%) and Salehrabi and Rotstein (10.1%). 3 There are several explanations for this finding. First, approximately 70% of the teeth treated with NSRCT in Taiwan were either inadequately filled or incompletely obturated, as evaluated by radiographic surveys. 6 When performing prosthodontic work on improperly treated teeth, the dentist may favor nonsurgical retreatment in order to improve the prognosis. Second, nonsurgical retreatment is covered by the NHI in Taiwan; therefore, patients may initially prefer this conservative treatment modality. Third, compared to their US counterparts, dentists in Taiwan may lack the training necessary for apical surgery, so are more likely to perform nonsurgical retreatment.
In conclusion, tooth extraction (61.5%) is the most common procedure among the three first untoward events. Approximately 95% of tooth extraction procedures are performed at the first untoward event, and the remaining 5% are performed after initial nonsurgical retreatment or apical surgery. NSRCT is still a valuable dental procedure because of the high rate (92.1%) of tooth retention 5 years after NSRCT in Taiwan.
